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Introduction
Parents of school-aged children with Autism Spectrum Disorder (ASD) report sleep problems at a consistently higher rate than parents of typically developing (TD) children (Hodge, Carollo, Lewin, Hoffman, & Sweeney, 2014; May, Cornish, Conduit, Rajaratnam, & Rinehart, 2015; Souders et al., 2009 ). The increased prevalence of parent-reported sleep problems is accompanied by heightened bedtime resistance, sleep onset issues, sleep anxiety and parasomnias (Hodge et al., 2014; May et al., 2015; Souders et al., 2009) . Furthermore, the use of objective sleep assessment methods identify a significantly longer sleep onset latency (SOL) in school-aged children with ASD relative to TD children (Allik, Larsson, & Smedje, 2006; Souders et al., 2009) . Although the presence of disturbed sleep is well established in school-aged children with ASD, little is known about the continuity and change of these disturbed sleep profiles during this key developmental period.
The school-aged years are characterised by an array of cognitive, physical and social developments, during which time sleep patterns begin to mature in preparation for adolescence (Sheldon, 2014) . The development of sleep during this time is relatively well defined in TD children. There is a gradual delay in bedtime and sleep onset times, and a consequent decrease in sleep duration; with this effect being most pronounced from middle childhood onwards (Blair et al., 2012; Kelly & El-Sheikh, 2011; Pesonen et al., 2014; Sadeh, Dahl, Shahar, & Rosenblat-Stein, 2009 ). Around 40% of TD children are reported to experience sleep problems during this time, and these sleep-problems manifest as chronic conditions in up to 60% of cases (Fricke-Oerkermann et al., 2007; Pesonen et al., 2014) . The extent to which these developmental trajectories compare to children with ASD is unclear however, with few longitudinal studies conducted to date. An assessment of parent-report sleep problems over a 12 month period identified a significant reduction in the severity of sleep problems in school-aged children with ASD. Notably, no significant change was seen Costa, Taylor, & Weems, 2009; Fletcher et al., in press; Gregory & Eley, 2005) , there is a well-established concurrent association between parent-reported sleep problems and anxiety symptoms in children with ASD (Goldman et al., 2011; Hollway, Aman, & Butter, 2013; Mayes & Calhoun, 2009; Rzepecka, McKenzie, McClure, & Murphy, 2011) . Most recently, May et al. (2015) assessed sleep and anxiety over a one year period and found that parentreported sleep problems predicted later anxiety in school-aged children with ASD. Although children with ASD had significantly higher levels of anxiety, the relationship was not mediated by ASD diagnosis (i.e., the relationship was comparable for both groups). Notably such past evidence is based on parent-report assessment of sleep. The current study therefore aims to assess the extent to which these concurrent and longitudinal associations are mirrored in an objective measure of sleep.
The association between sleep and bedtime routines is an important but relatively understudied area in children with ASD. Bedtime routines are a component of sleep hygiene defined as "a set of observable, repetitive behaviours which directly involve the child and at least one adult acting in an interactive or supervisory role…in the hour preceding bed each night" (Henderson & Jordan, 2010, p. 272) . The consistency of bedtime routines (e.g., consistent bed time, consistent sleep location) is associated with better parent-reported sleep quality in children with ASD (Henderson, Barry, Bader, & Jordan, 2011) . In addition to the consistency of the routine, the activities present in the period preceding bedtime can also influence sleep quality. Specifically, the presence of 'maladaptive activities ' (e.g., video games, active play, watching television, snacks/drinks) can increase physiological arousal and therefore delay sleep onset (Henderson & Jordan, 2010) . Development across the schoolage years is associated with more independence and a lessening of parental influence at bedtime. Consequently, increasing age is associated with a higher frequency of maladaptive activities in the hour before bedtime, in TD children (Henderson et al., 2011 (Hodge et al., 2012) . Instead, actigraphy (an objective measure of sleep which infers sleep-wake patterns through the detection of movement) offers a non-invasive alternative which can be used in the home environment. In addition to traditional sleep parameters (e.g., sleep onset time, sleep duration, sleep efficiency), actigraphy also has the capacity to measure the stability of sleep; that being the extent to which sleep changes from night to night over a given period. Although there is some evidence that pre-school children (Anders, Iosif, Schwichtenberg, Tang, & Goodlin-Jones, 2011) and adults (Hare, Jones, & Evershed, 2006) with ASD are characterised by greater sleep variability than TD children, this has not yet been examined in school-aged children with ASD. Given the associations between sleep stability and daytime behaviour in TD children (Biggs, Lushington, van den 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59 were not made regarding the association between the actigraphy derived sleep-profiles and anxiety/bedtime routines.
Method Participants
Participants were recruited from the XXXXXXX project. Children in this sample were originally recruited through advertisements in local schools and community organisations. Children in the ASD group were additionally recruited through ASD support organisations, parent groups and advertisements in paediatric clinics throughout XXXXXX.
All participants from the baseline sample who satisfied the following criteria were invited to take part in the follow-up study: i) parental consent provided at baseline to be contacted for 1 N.B. The sample in the current study is distinct and was recruited/tested subsequent to previous work from RC, NR, & KC (i.e., May et al., 2015) . diagnostic criteria, made prior to the study. Upon entering the study, all parents provided a diagnostic report performed by either a paediatrician or registered psychologist and all reports were checked against the DSM-IV-TR symptom checklist prior to participation. Parents in both groups completed the Social Responsiveness Scale (Constantino & Gruber, 2005) at baseline and follow-up, which was used to screen for ASD in the TD group (see above) and assist with the confirmation of diagnosis in the ASD group; whereby all children in the ASD group had a T score ≥ 60.
Descriptive statistics for participant demographics and parent-report behavioural measures are shown in Table 1 . Participant age ranged from 6 years, 2 months to 12 years 10 months at baseline, and 7 years, 2 months to 13 years 11 months at follow up. Across participant demographics, there were no significant differences between groups in age [baseline (p = .50), follow-up (p = .50)], Ethnicity (p = .62), SES score (p = .83) or parental education (p = .089). However, the TD group had a significantly higher Full Scale IQ (FSIQ)
than the ASD group (p = .009) and there was a significant association between group and gender (p = .019). Regarding medication use, seven children in the ASD group were medicated at baseline (melatonin n = 3, stimulant n = 2, SSRI n = 2, atomoxetine n = 1). Ten children were medicated at follow-up (melatonin n = 6, stimulant n = 6, SSRI n = 4). No children had received any sleep treatment or sleep interventions between baseline and follow up. (Owens et al., 2000) . CSHQ scores in the current sample had good internal consistency in the TD group (Cronbach's α = .89) and acceptable internal consistency in the ASD group (Cronbach's α = .71).
[INSERT TABLE 1 HERE] Measures

Parent-report measures
Anxiety symptoms were assessed with the Spence Children's Anxiety Scale (SCAS;
Spence , Parents also completed the Social Worries Questionnaire -Parent version (SWQ-P; Spence, 1995) which is a 10 item measure used to assess children's fear and avoidance of social situation, from 0 'not true,' to 2 'mostly true'. The scale has been used previously in As recommended for the use of actigraphy in paediatric research, parents were provided with a sleep diary to complete across the two week period (Meltzer, MontgomeryDowns, Insana, & Walsh, 2012) . Parents were asked to mark with an arrow their child's bedtime and get up time, in addition to estimated time of sleep onset and offset. Completion of the sleep diary also required parents to note any daytime naps as well as any periods of time when the watch was removed from the wrist. Parents were also encouraged to document any issues which may have affected their child's sleep (e.g., sleeping at a friend's house, illness), and these nights of data were subsequently removed from analysis. All children were required to have at least 10 nights of actigraphy data. The sleep diary served to help eliminate artefact and to validate the marker/light out information provided from the actigraphy data.
Procedure
The study procedure was approved by XXXXXXX Ethics Committee. Parental written consent and child assent was acquired for all participants. Participants subsequently received an actiwatch and relevant paperwork (consent form, health questionnaire, questionnaire booklet) via mail. Contact was made with all parents to confirm receipt of the actiwatch and to provide instructions on how to use the actiwatch and complete the sleep diary etc. Subsequent to the two-week recording period, all materials were returned via prepaid mail. All children received 2 movie vouchers for their participation. All testing took place outside of school holidays, 12-15 months after baseline testing occurred. Upon study intake, all parents were asked to report any current health problems, the use of any prescription medication, and any sleep problems experienced since baseline assessment. The CSHQ cut-off score of 41 was used to establish the presence of 'current' sleep problems at baseline and follow up. This was subsequently used to categorise participants as having persistent sleep problems (≥41 at both time points), improved sleep problems (≥41 at baseline only), acquired sleep problems (≥41 at follow up only) or no sleep problems (<41 at both time-points).
For the actigraphy variables, both 'average' and 'variability' parameters are reported.
The night-to-night variability of sleep was calculated as the average of the absolute value of the difference between each two consecutive nights of data (for example: │day 1 -day 2│+ │day 2 -day 3│...÷ total number of nights). These variability parameters may subsequently be identified by a 'vari' suffix (e.g, SOTvari).
As performed recently in a similar study design (Andersen, Skogli, Hovik, Egeland, & Oie, 2015) difference scores were calculated for all outcome variables (i.e., T2 -T1), whereby a positive 'difference score' is indicative of an increase over time. Exploratory
Pearson correlations were then performed across these difference scores to identify associations between change in sleep and behaviour over time. Fisher's r-to-z transformation The main effect of group for average sleep onset latency (SOL) approached significance, with a medium effect size (p = .063). Across the 'variability' actigraphy parameters (e.g., SOT vari), significant main effects of group were identified for SOT vari (p = .045), WASO vari (p = .029), and SE vari (p = .002); whereby children with ASD were characterised by greater night-to-night variability in sleep onset time, WASO, and sleep efficiency.
Several main effects of time were also identified, from baseline to follow-up (Table   2 ). Across the 'average' actigraphy parameters, significant main effects of time were 
[INSERT TABLE 3 HERE]
Pearson correlations between changes in sleep, anxiety, and bedtime routines are shown in Table 4 
Discussion
The current study assessed the trajectory of parent-report and objective sleep profiles over a one year period in school-aged children with and without ASD. As hypothesised, the change in parent-reported sleep problems over time was dependent on group, with a significant interaction between group and time for CSHQ total scores. In line with hypothesis two, comparable trajectories were identified across groups in objective sleep profiles. Both children with ASD and TD children had a significantly later sleep onset time and shorter sleep duration at follow-up compared to baseline. Additionally, both groups were characterised by a significant increase in the night-to-night variability of sleep onset time and sleep period duration at follow-up compared to baseline. Hypothesis three was partly supported change in CSHQ total scores were associated with changes in symptoms of anxiety, but not bedtime routines. Given the exploratory nature of this research, hypotheses
were not made regarding the association between actigraphy, sleep and bedtime routines.
This analysis identified change in maladaptive behaviours were positively associated with change in sleep efficiency, specifically the time take to initiate sleep (SOL).
In line with cross-sectional evidence (Hodge et al., 2014) and more recent longitudinal findings (May et al., 2015) , improvements in parent-reported sleep problems over a one year period were evident only in the ASD group, characterised by reductions in sleep anxiety and bedtime resistance. This reinforces the notion that behavioural sleep problems may be at their most pronounced during early childhood for children with ASD (Hodge et al., 2014; Wiggs & Stores, 2004) . One previous study has assessed the trajectory of objective sleep profiles in school-aged children with ASD relative to TD children, with this study conducting a 2-3 year follow up (Allik et al., 2008) . In line with their findings, there were no significant interactions between group and time (i.e., the trajectory was similar 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 F o r P e e r R e v i e w across groups), with a significant decrease in sleep duration across both groups, and no change over time in sleep onset latency. Discrepant with their findings however, the current study did not identify a reduction in sleep efficiency, or an increase in night waking. This may reflect the shorter follow-up time used in the current study.
The increased night-to-night variability in the ASD group complements previous findings in pre-school children (Anders et al., 2011) and adults (Hare et al., 2006) with ASD.
Furthermore, an increase in the variability of sleep was also seen across both groups at follow-up assessment. However, the clinical implications of sleep variability are poorly understood across all study populations, due to 'ad-hoc' examinations and inconsistent methodological approaches in previous research (Bei, Wiley, Trinder, & Manber, 2016) .
Nonetheless, future research should explore which dynamic factors may influence the increased variability of sleep in ASD (e.g., diet, sleep hygiene, anxiety).
Regarding the examination of difference scores, individual change in anxiety and social worries was positively associated with change in the severity of parent-reported sleep problems. This complements past research identifying significant concurrent associations between parent-reported sleep and anxiety (Goldman et al., 2011; Hollway et al., 2013; Mayes & Calhoun, 2009; Rzepecka et al., 2011) . Future research may therefore examine whether elevated levels of anxiety in young children with ASD exacerbate sleep problems during a developmental period which is already vulnerable to a variety of sleep related problems. Notably the relationship between change in anxiety and change in parent-reported sleep problems was comparable between groups. This supports the notion that although sleep problems are more severe in children with ASD, non-clinical anxiety symptoms may be associated with parent-reported sleep concerns in typical, as well as atypical, development (Fletcher et al., in press ). However, there was no association between anxiety and actigraphy derived sleep profiles. This may be interpreted in two ways. Firstly, this may highlight the limitations of correlating two parent-report measures, whereby associations may be inflated.
In the context of the CSHQ and actigraphy however, this may suggest that anxiety has a particular association with sleep behaviours which both precede and follow the sleep period (e.g., sleep related anxiety, daytime sleepiness), and are therefore not directly measurable by actigraphy. This again reinforces the need to use both subjective and objective measures of sleep.
There was substantial variability in sleep efficiency 'difference scores' across both groups (Table 3) . Such heterogeneity suggests large individual differences in the maturation of sleep during this time. Of clinical importance therefore, is the need for future studies to clarify which factors predict an improvement or worsening of sleep quality. The current findings suggest that maladaptive pre-bedtime behaviours may play a key role. An association was identified between an increase in the frequency of maladaptive activities in the hour before bedtime and decreased sleep efficiency, impacting on sleep onset latency.
Previous research identifying an association between bedtime routines and actigraphy derived sleep profiles in TD children questioned whether bedtime routines are a direct mechanism for stress reduction (and therefore better sleep quality), or whether they serve as a mediator between other variables such as parent behaviour management, household environment, or child temperament (Mindell, Li, Sadeh, Kwon, & Goh, 2015) . In terms of maladaptive behaviours however, playing video games before bedtime has been shown to increase heart rate and significantly increase the time take to initiate sleep (Higuchi, Motohashi, Liu, & Maeda, 2005) . Given that children in the ASD group were characterised by increased maladaptive activities across both time points, this association requires further exploration in future studies. Actigraphy monitoring alongside a diary of pre-bedtime activities would serve to validate this link and assess the direct association between activities in the hour before bedtime and the subsequent nightly sleep quality. 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 F o r P e e r R e v i e w 1  2  3  4  5  6  7  8  9  10  11  12  13  14  15  16  17  18  19  20  21  22  23  24  25  26  27  28  29  30  31  32  33  34  35  36  37  38  39  40  41  42  43  44  45  46  47  48  49  50  51  52  53  54  55  56  57  58  59  60 
